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Abstract. This work presents that the impact of Sb-additive on the crystalline, morphological, optical, and 

electrical features of SnO2. Sb-incorporated samples were fabricated on glass substrates with spray pyrolysis. 

Pyramidal and polyhedron shaped tetragonal Sb-introduced SnO2 grains were identified with XRD and SEM 

analysis. The degenerate n-type character for films was determined by electrical and optical characterizations. 

The resistivity and sheet resistance values initially decreased with Sb-content until 1.5 wt. %, then they 

increased with further Sb-level. However, carrier concentration increased with 2.5 wt. % Sb-contribution, then 

it started to goes down with 3.5 wt. %. The optical band-gap values of samples had a decreasing tendency with 

Sb-doping. From the results obtained in the present study, it is said that Sb-incorporated tin oxide films can be 

utilized in optoelectronic implements. 

Keywords: Spray Pyrolysis, SnO2, Sb-doping, Electrical properties. 

Isıl Püskürtme Yöntemi ile Büyütülen SnO2 nin Karakteristik 

Özelliklerine Sb-Katkısının Etkisi 

Özet. Bu çalışma Sb-katkısının SnO2 nin kristal, yüzeysel, optik ve elektriksel özelliklerine etkisini 

sunmaktadır. Sb katkılı numuneler ısıl püskürtme yöntemi ile cam altlıklar üzerine büyütmüştür. Piramit ve çok 

yüzlü şekilli tetragonal Sb katkılı SnO2 taneleri XRD ve SEM analizleri ile belirlenmiştir. Filmler için dejenere 

n-tipi iletkenlik özelliği elektriksel ve optiksel karakterizasyonlar ile belirlenmiştir. Özdirenç ve tabaka direnci 

değerleri ilk olarak ağırlıkça % 1.5 Sb içeriği ile azalmıştır ve sonra bu değerler daha fazla Sb içeriği ile 

artmıştır. Fakat taşıyıcı konsantrasyonu ağırlıkça % 2.5 Sb içeriği ile artmıştır, sonra ise % 3.5 Sb içeriği ile 

azalmaya başlamıştır. Numunelerin optik bant aralığı Sb katkılama ile azalma eğilimindedir. Bu çalışmada elde 

edilen sonuçlardan Sb katkılı kalay oksit ince filmlerin optoelektronik uygulamalarda kullanılabileceği 

söylenebilir. 

Anahtar Kelimeler: Isıl püskürtme, SnO2, Sb-katkılama, Elektriksel özellikler. 

 

1. INTRODUCTION 

Tin dioxide (stannic oxide) has excellent features 

of a broad band-gap of well-nigh 3.6 eV [1], high-

rise optical visible transmission, infrared reflection 

and electrical conduction [2], small expense, 

superior mechanic strength and insistence under 

peripheral influences [3, 4]. The stannic oxide is a 

dielectric material, but the non-stoichiometry 

resulted from O vacancies or Sn interstitials brings 

an n-type conductivity property [2]. These features 

make it useful for solar cells, li-ion batteries, light 

emitting diodes, gas sensors, architectural windows 

[5, 6]. The properties of stannic oxide (SnO2) can 

be tailored by doping with extrinsic atoms (Nd, W, 

Sb, V, Ta, Mo, Nb, F). The antimony (Sb) has 5+ 

oxidation state. When Sb5+ is substituted with Sn4+ 

or Sb5+ places on interstitial sites, it brings about an 
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additional free electron to tin oxide structure and it 

causes an increase in optical transmission and 

electrical conduction of SnO2 [7]. The ionic radii of 

Sb5+ (62 Å) is close to one of Sn4+ (71 Å) [8], and 

their substitution do not bring about structural 

imperfections, which indicates Sb is an appropriate 

additive for tin oxide. Sb-incorporated stannic 

oxide thin layers are probably coated with many 

techniques such as sputtering, hydrothermal 

method, sol-gel coatings, chemical vapor 

deposition, pulsed lased deposition, and spray 

pyrolysis. The spray pyrolysis is an inexpensive, 

easy and effective [7, 9, 10]. A variety of works 

have been already reported on the inquiring of 

features of spray coated Sb-introduced SnO2 [8, 11-

21] and it was observed Sb-content greatly healed 

the features of stannic oxide. Although there are 

many studies on Sb-incorporated SnO2, the 

electrical characterization results in the present 

study make the study very important owing to very 

lower resistivity and sheet resistance values than 

ones in the literature. For this work, the impact of 

Sb-content on the crystalline, surface structure, 

electrical and optical features of stannic oxide is 

inquired.  

2. MATERIALS AND METHODS 

0.5 wt. %, 1.5 wt. %, 2.5 wt. %, and 3.5 wt. % Sb-

incorporated stannic oxide thin layers were coated 

on the glass substrates with spray pyrolysis. The 

substrate temperature (520 ºC), the nozzle and 

substrate distance (40 cm), the flow rate of carrier 

air (1.25 ml/minute), the amount of spray solution 

(50 ml) have been kept constant. Tin (II) chloride 

dehydrate (SnCl2.2H2O) and antimony (III) 

chloride salts solved in methanol and propane-2-ol 

solvents, respectively, and small amount of HCl 

was added into solutions.  When the solutions got 

ready, they were pulverized on the glass substrates. 

The color of samples changed from light blue to 

dark one with Sb-content. 

The crystalline structure of samples were 

characterized by X-Ray Diffraction (XRD) 

measurements with a Rigaku miniflex 

diffractometer with CuKα radiation (λ=0.15418 

nm). The surface of coatings was examined with 

Scanning Electron Microscope (Nova nano SEM) 

and atomic force microscope (Nanomagnetic 

Instruments AFM). The thickness of films were 

identified to be about 1.66 µm with a cross-

sectional SEM picture. The electric conductivity 

and optical studies were made with Hall 

measurements and UV–VIS (PerkinElmer, 

Lambda 35) spectrophotometer. 

3. RESULTS AND DISCUSSIONS 

3.1. Crystalline Features 

The crystalline structure of Sb-incorporated SnO2 

thin films have been inquired with XRD plots 

shown in Fig. 1. It has been determined the whole 

samples are polycrystalline with SnO2 tetragonal 

structure (JCPDS card no: 41-1445). The 

preferential orientation is (301) peak for 0.5, 1.5, 

and 2.5 wt. % Sb-incorporated SnO2, and this 

direction changes to (200) with more Sb-content.  

The (301) and (200) preferential directions have 

been also found for undoped and Sb-incorporated 

SnO2 films [13, 17]. The Sb-incorporated SnO2 

grains oriented along these directions to have 

minimum interfacial energy. In the present study, it 

can be concluded that precursor solution content 

affects the preferential orientation. For all samples, 

the observed other peaks are (110), (101), (211), 

(220), (310), and (321).  The interplanar distance 

(d) values have been calculated by Bragg’s law and 

they have been checked with the standard ones (in 

Table I).  The lattice constants have been identified 

with equation [2]. 

1

𝑑2 + (
ℎ2+𝑘2

𝑎2
) +

𝑙2

𝑐2                                                (1) 
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Figure 1. The XRD graphs of Sb incorporated SnO2 thin films. 

These values have been comparable with the 

standard ones of a=b=0.47382 nm and c=0.31871 

nm. The average crystallite size of Sb-incorporated 

films have been determined for the most striking 

peak with Scherer’s formula by using β − FWHM  

(full width at half of the peak maximum) [22]. 

D =
0.9λ

 βcosθ 
                                                                           (2) 

The D values have been identified to be 30.19 nm, 

28.76 nm, 29.37 nm, and 34.12 nm for 0.5 wt. %, 

1.5 wt. %, 2.5 wt. %, and 3.5 wt. % Sb-incorporated 

SnO2 films. The micro-strain (ε) for samples is 

identified by relation [7]. 

ε = (
1

sinθ
) [(

λx

D
) − (βcosθ)]                                    (3) 

ε value of 0.5 wt. % Sb-incorporated stannic oxide 

initially increases from 3.70x10-3 to 3.90x10-3 with 

1.5 wt. % Sb-content, then it decreases to the value 

of 3.71x10-3 for 2.5 wt. % Sb and then it again 

increases to 5.66x10-2 with more Sb-level. The 

density of dislocations (δ) for samples is estimated 

with relation [7]. 

δ = 1 D2⁄                                                                     (4) 

δ values of 0.5 wt. %, 1.5 wt. %, 2.5 wt. %, and 3.5 

wt. % Sb-incorporated SnO2 are determined to be 

1.09x1015 lines/m2, 1.20x1015 lines/m2, 1.16x1015 

lines/m2, and 8.59x1014 lines/m2, respectively.  

3.2. Surface properties  

 

Figure 2. The SEM pictures of Sb-incorporated SnO2 thin films. 
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The surface structures of Sb-incorporated SnO2 

samples are investigated with SEM and AFM 

studies. The SEM pictures in Fig. 2 show the 

particle size initially decreases with Sb level until 

2.5 wt. % Sb doping content then it increases with 

3.5 wt. % Sb doping. The particle structure 

resembles pyramidal and polyhedron shapes for 

0.5, 1.5, and 3.5 wt. % Sb doped SnO2. The particle 

structure changes to small dense shapes and also 

non-homogenous particle distribution forms with 

2.5 wt. % Sb content. As indicated by Smith et al. 

[23], the change in the film surface structure may 

be resulted from different spraying solutions. 

These morphologies have been also found in earlier 

studies [7, 12, 24]. 

 

 
Figure 3. 2D AFM images of Sb-incorporated SnO2 thin films. 

 

 
Figure 4. 3D AFM images of Sb-incorporated SnO2 thin films. 
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The 2D and 3D AFM pictures in Fig. 3 and Fig. 4 

reveals the grains are homogenously distributed on 

the surfaces of films. These results suggest that 

surface structure of films are highly influenced 

with Sb-contribution level.  

3.3. Electrical features 

The electrical features of Sb-incorporated SnO2 

samples are inquired by Hall measurements. The 

electrical measurements indicate n-type electrical 

conductivity. The resistivity (ρ), sheet resistance 

(Rs), carrier concentration (n), and mobility (µ) 

values are given in Table III. The resistivity and 

sheet resistance values of 0.5 wt. % Sb-

incorporated SnO2 thin film initially decrease from 

the values of 1.80x10-3 Ω.cm and 10.6 Ω to the 

values of  1.71x10-4 Ω.cm and 1.03 Ω for 1.5 wt. % 

Sb-contribution content. When Sb-contribution 

ratio is increased, the resistivity and sheet 

resistance values start to increase.  The carrier 

concentration value of 0.5 wt. % Sb-incorporated 

sample increases from 5.81x1019 cm-3 to the values 

of 1.34x1020 cm-3 and 1.92x1020 cm-3 for 1.5 wt. % 

and 2.5 wt. % Sb-contribution levels, then 

decreases to the value of 5.76x1019 cm-3 with 3.5 

wt. % Sb-content. The carrier mobility of 61.1 cm2 

V-1 s-1 for 0.5 wt. % Sb-contributed sample abruptly 

increases to the value of 266 cm2 V-1 s-1 with 1.5 wt. 

% Sb-content, then it starts to decreases to the value 

of 150 cm2 V-1 s-1 for 2.5 wt. % Sb-doping ratio and 

it again increases to 237 cm2 V-1 s-1 for 3.5 wt. % Sb 

ratio.  Fermi energy (EF) of a degenerate n-type 

material is inside the conduction band (CB). This 

degeneracy is based on the energy difference of CB 

and Fermi level (FL). EF values of these materials 

is given with equation [24]. 

𝐸𝐹 = (
ℎ2

8𝑚∗)(
3𝑛

𝜋
)

2

3                                                  (5) 

(𝑚∗=0.3 m from Ref. [21]). EF value of 0.18 for 0.5 

wt. % Sb-incorporated SnO2 initially goes up to the 

values of 0.32 eV and 0.40 eV for 1.5 wt. % Sb and 

2.5 wt. % Sb-doped samples, then it decreases to 

the value of 0.18 eV with more Sb-content. Fermi 

energy values of Sb-incorporated SnO2 samples are 

much higher than kT (~0.03 eV), which indicates 

degeneracy of films. 

The grain size, structural imperfections, and 

substitution of Sb5+ by Sn4+ can cause a change in 

the values of ρ, Rs, n, and µ with Sb-content. The 

stoichiometric stannic oxide is a good dielectric, 

but the valance states of 4+ and 2+ of Sn may be 

seen as a reason for non-stoichiometry with oxygen 

vacancies. An increase in the carrier concentration 

and easy movement of carriers causes a decrement 

in the values of ρ and Rs. In the variation of carrier 

concentration with Sb-content, it is expected that ρ 

and Rs values would be minimum for 2.5 wt. % Sb 

content.  The crystalline and surface analysis 

indicate that films are polycrystalline and the 

potential obstacles occurs at grain boundaries 

(GBs), which they obstruct passing of carriers. 

From SEM pictures, the grain size of 2.5 wt. Sb 

contributed film is very smaller than others, and 

this can be seen the reason for increasing sheet 

resistance and resistivity. For 3.5 wt. % Sb doping 

content, Sb3+ ions is probably replaced with by Sn4+ 

and a degradation of electrical conductivity 

because of creation of acceptor states.  

The carrier transition for a semiconductor is 

significant to determine scattering centers for 

mobility of carriers. Different scattering centers 

impress the mobility and the conductivity of the 

material. The GBs are effective for movement of 

carriers and negative charged GBs of SnO2 bring 

about obstacles for carriers. In this model, an 

increment of grain size reduce GB scattering owing 

to a small number of GBs [25]. When the mean 

path (l) values of electrons are comparable with the 

crystalline size, GBs are very effective. The l 

values are identified with equation [2] 

𝑙 = (
h

2e
) (

3n

π
)

1

3μ                                                                   (6) 

The mean path values of 0.5 wt. %, 1.5 wt. %, 2.5 

wt. %, and 3.5 wt. % Sb-doped SnO2 films are 

calculated as 42.18 nm, 24.26 nm, 15.42 nm, and 

16.29 nm, respectively. The crystallite size values 

determined from XRD analysis are compatible 



 

 

167 Turgut / Cumhuriyet Sci. J., Vol.40-1 (2019) 162-169 

with these and the grain boundaries are effective 

for mobility. In addition to GBs, phonons, dopants, 

and structural imperfections [24] can be effective 

for limiting carrier movement. The resistivity and 

sheet resistance values are very low when they are 

compare with ones for spray deposited Sb doped 

SnO2 films earlier studies [11, 15, 17, 19].  

3.4. Optical Properties 

The optical transmittance measurement of Sb-

incorporated SnO2 samples has been done with 

UV-VIS spectrophotometer. Transmittance (T) 

curves shown in Fig. 5 indicate that the 

transmittance values of 0.5 wt. % Sb-introduced 

SnO2 thin films initially increase with 1.5 wt. % Sb 

content, and then continuously decrease with more 

Sb-level. 

 
Figure 5. The optical transmittance spectra of Sb-incorporated 

SnO2 thin films. 

The optical band gap (Eg) has been identified with 

following steps; initially the absorption coefficient 

(α) of a film with d thickness has been determined 

with equation [2] 

α = ln (1/T)/d                                                              (7) 

then Eg has been determined with equation  

αhν = A(hν − Eg)1/2                                              (8) 

where hν and A are photon energy and the constant. 

By plotting (αhν)2 versus hν, the Eg values are 

found to be 3.94 eV, 3.88 eV, 3.80 eV, and 3.55 eV 

for 0.5 wt. %, 1.5 wt. %, 2.5 wt. %, and 3.5 wt. % 

Sb-contributed SnO2 thin films, respectively. As 

seen from these values, Eg value continuously 

decreases with Sb content. 

The optical band gap of SnO2, which is one of 

degenerate semiconductors, is related to transition 

of electron from valance band (VB) to Fermi level 

(FL) by light [7]. The filled states between Fermi 

level and conduction band (CB) minimum 

prohibits inter-conduction-band absorption. 

Dopant atoms introduces the electrons into CB and 

FL rises further into CB, which is known to be 

Moss-Burstein (MB) sliding [26]. The alteration of 

n with Sb-contribution indicated that a bang gap 

widening would be expected with 2.5 % wt. Sb-

content because of increasing the number of free 

carriers. But, besides the MB effect, non-

stoichiometry, structural imperfections, heavy 

doping, and electronic transitions between Sb5+ and 

Sb3+ have an important effect on the changing 

optical band gap of SnO2 [7, 26, 28]. In the present 

study, the most important effect can be an 

increasing density of blue color with Sb content 

resulted from electronic transitions between Sb5+ 

and Sb3+ [28], which is indicated in the 

experimental section.   
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Figure 6. (αhν)2versus hν spectra of Sb-incorporated SnO2 thin films. 

4. CONCLUSION 

The impact of Sb-contribution on the crystalline, 

surface morphology, electric and optic features of 

SnO2 deposited with spray pyrolysis has been 

inquired. The characterizations have been made by 

means of x-ray diffraction, scanning electron and 

atomic force microscopes, ultraviolet/visible 

spectrophotometer, and Hall measurements. The 

XRD analysis has revealed that the films were 

polycrystalline tetragonal stannic oxide with (301) 

and (200) preferential orientations. The SEM and 

AFM observations have indicated the morphology 

of films has been changed with Sb-contribution. 

The electrical characterization suggested high 

electrical conductivity for Sb-incorporated SnO2 

films at certain-amount of Sb. The optical band gap 

of films has decreased with Sb-content. 
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